METHOD AND SYSTEM FOR SWITCHING OFF 
AN INTERNAL COMBUSTION ENGINE 

Field of invention 

5 

The invention relates to a method for switching off an 
internal combustion engine and to an internal combustion 
engine suitable for carrying out the method. 

10 Background of invention 

Modern internal combustion engines cannot usually be 
started from rest without an auxiliary unit. In the cylinder 
or cylinders of internal combustion engines, in which the 

15 fuel is fed into the combustion air within the induction 
section, there is, as a rule, no ignitable air/fuel mixture, 
or only a little, so that activating the ignition source of a 
spark ignition unit is not sufficient to start combustion. 
Therefore, an auxiliary drive (usually electrically operated), 

20 referred to as a starter, is used, to bring the internal 
combustion engine to a starting speed. At this speed, 
sufficient ignitable mixture is sucked into the cylinders, 
ignited by means of a spark ignition device and the internal 
combustion engine is thus started. The starter can then be 

25 switched off and the internal combustion engine continues to 
rotate under its own power. 

The situation is different in the case of internal 
combustion engines in which the fuel is introduced directly 
into at least one cylinder, the fuel usually being injected 

30 under pressure into the cylinder. If fuel is injected into 
one or more cylinders and subsequently ignited inside a 
stationary internal combustion engine, the resulting gas 
force can be sufficient to move the associated piston. The 
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movement of the piston imparts angular momentum to the 
crankshaft via a connecting rod, and the angular momentum can 
be sufficient to induce the normal sequence of cycles of an 
internal combustion engine. In this way, the internal 
5 combustion engine can be started up or started directly 
without using a starter. 

A plurality of preconditions have to be fulfilled to 
allow an internal combustion engine to start directly in the 
above-described manner. For instance, at least one piston of 
10 a cylinder of the internal combustion engine should be in a 
position, in which injecting fuel and subsequently igniting 
the created air/ fuel mixture actually leads to a movement of 
the piston located in the cylinder. In the case of a four- 
stroke internal combustion engine, the piston would therefore 
15 have to be in the expansion or working cycle, and the at 
least one outlet gas exchange, valve would have to be in a 
closed position. This is the case, for example, at a 
position of approximately 5° to 10° crank angle after top 
dead center (TDC) . The piston would also move in the case of 
20 a position of approximately 5° to 10° before TDC. However, 
the crankshaft would then move counter to the desired 
direction of rotation. US 6,098,585 describes, by way of 
example, a method for direct starting. Here, a suitable 
combustion chamber is identified, which is formed from a 
25 cylinder and piston, which is in the working cycle and 
contains a sufficient volume of air. A predetermined amount 
of fuel is subsequently injected and ignited. However, US 
6,098,585 assumes that a starter, even if of relatively small 
dimensions, is nevertheless required for starting the 
30 internal combustion engine. 

A somewhat different approach is chosen in US 6,453,863. 
Here, the crankshaft is moved into a preferred position by a 
starter motor which is mounted directly on the crankshaft and 
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serves after starting as a generator, what is referred to as 
a starter generator. In said preferred position, it is 
possible to make it considerably easier, for example, to 
start the internal combustion engine using the above- 
5 described method of injecting fuel and subsequently igniting 
it. 

In WO 01/48373, the desired piston position is achieved 
by the piston already being moved to the desired position 
when the internal combustion engine is switched off. As the 

10 internal combustion engine continues to move for a few 
revolutions after the ignition and the fuel supply have been 
switched off, on account of the engine's moment of inertia, 
until it has come to a standstill as a result of frictional 
and gas forces, it is possible for a suitable position for 

15 direct starting to be reached, for example, by switching the 
engine off in a controlled manner, by advancing the 
crankshaft by means of an auxiliary drive, or by executing 
additional individual working cycles during the switching off 
process . 

20 The abovementioned methods have the disadvantage, 

however, that they only concentrate on reaching a favorable 
piston position to perform direct starting by means of 
auxiliary drives or to make the process of starting an 
internal combustion engine easier. In the process, they 

25 neglect the fact that relatively large amounts of products of 
combustion may still be located in the cylinder or cylinders, 
so that it is not possible to carry out direct starting, 
which may possibly take place later, the above-described 
method on account of a lack of oxygen in the cylinder or 

30 cylinders. 
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Summary of the invention 



The method according to the invention for the controlled 
5 switching off of an internal combustion engine with spark 
ignition is distinguished by the fact that as high as 
possible a cylinder pressure can build up in the compression 
and working cycles while the internal combustion engine is 
slowing to a standstill. This can be achieved by opening the 
10 previously closed throttle valve at least once by a specified 
absolute rotational angle value after the spark ignition and 
fuel supply have been switched off. In comparison with the 
customary method for switching off an internal combustion 
engine with the throttle valve closed, considerably more 
15 fresh air is sucked into the cylinders during the switching 
off process in the method according to the invention. This 
means that the cylinder pressure is increased considerably 
during the remaining compression cycles while the internal 
combustion engine is slowing to a standstill, in comparison 
20 with the cylinder pressure of an internal combustion engine 
which slows to a standstill with the throttle valve closed. 
Customary values here are, for example, 5 bar cylinder 
pressure with the throttle valve closed, compared with, for 
example, 20 bar cylinder pressure with the throttle valve 
25 completely open. The increased cylinder pressure results in 
higher gas forces. In contrast, the frictional forces change 
only slightly. The ratio of gas forces to frictional forces 
therefore becomes greater. The gas forces are dependent on 
the crank angle. They reach their maximum at the respective 
30 top dead center (high pressure TDC) . The force equilibrium 
of the gas forces of the expansion cylinder and the 
compression cylinder lies at approximately 90° crank angle 
after TDC (in relation to the expansion cylinder) . This 
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angular position is an advantageous switching off position, 
as it favors the subsequent re-starting operation. High gas 
forces, therefore, favor a switching off position which is 
suitable for direct starting. Moreover, it is also of 

5 advantage that, with the throttle valve open, products of 
combustion which may possibly still be present are removed 
from the combustion chambers of the internal combustion 
engine by the fresh air flowing into the internal combustion 
engine. This ensures that sufficient oxygen is available for 

10 combustion of the fuel in the case of a direct starting 
operation comprising the injection of fuel into a combustion 
chamber and ignition of the fuel/air mixture which is 
produced . 

It is, however, also conceivable that in the case of an 
15 internal combustion engine without a throttle valve and with 
gas exchange valves which can be actuated individually and 
independently, the described method can be carried out by 
appropriate actuation of the gas exchange valves. Ultimately, 
the throttle valve or the actuation of the gas exchange 
20 valves functions here as a variable gas metering system which 
controls the supply of combustion air into the internal 
combustion engine. 

If the throttle valve is open while the internal 
combustion engine is slowing to a standstill, this can result 
25 in comfort problems caused by the internal combustion engine 
shaking or bucking. In one preferred refinement of the 
invention, the throttle valve is opened for only a short time 
after the engine has been switched off, in order to flush the 
cylinders with fresh air. Afterward, the throttle valve is 
30 closed at least once while the engine is slowing to a 
standstill, so that the internal combustion engine slows to a 
standstill more gently. In good time, before the internal 
combustion engine comes to a complete standstill, the 
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throttle valve is opened once more, to ensure that the engine 
comes to a controlled standstill. Simultaneously, the supply 
of fresh air into the combustion chambers is maximized. 

According to one development of the invention, a 
5 rotational speed signal is used to actuate the throttle 
valve. While the internal combustion engine is slowing to a 
standstill, it is possible in this way to open or close the 
throttle valve, for example if a specific rotational speed is 
undershot. A method of the abovedescribed type can thus be 
10 realized using simple means. 

In another development of the invention, the intake 
manifold vacuum is measured. The signal can be used to 
actuate the throttle valve. Thus, for example, a signal to 
close the throttle valve could result from a minimum vacuum 
15 pressure being reached, and a signal to open the throttle 
valve can result from a previously determined maximum vacuum 
pressure being reached shortly before the internal combustion 
engine reaches a standstill. As an appropriate pressure 
signal is frequently present in direct injection internal 
20 combustion engines, it is simple to implement this variant. 

in one preferred embodiment of the invention, the 
rotational angle signal of the crankshaft or camshaft is used 
to actuate the throttle valve. If the respective rotational 
angle signal is subjected to integration, the number of 
25 camshaft or crankshaft rotations, for example, after the last 
ignition can be ascertained. In this way, for example, the 
opening or closing of the throttle valve can be actuated 
after a predetermined number of revolutions. The simple 
implementation of the method, without additional sensors, 
30 etc. being required, is also advantageous here. 

As already stated, it is, furthermore, advantageous if 
the throttle valve is opened again shortly before the 
internal combustion engine comes to a standstill. Firstly, 
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in order that the internal combustion engine comes to a 
standstill in a controlled manner, it is advantageous to open 
the throttle valve during the intake process of the cylinder 
which later, when the engine is stationary, becomes the last 

5 compression cylinder. Secondly, it is advantageous to open 
the throttle valve during the intake process of the cylinder 
which later, when the engine is stationary, becomes the last 
expansion cylinder to achieve a maximum supply of fresh air 
for this cylinder, thus to have sufficient fresh air 

10 available in this cylinder for subsequent direct starting. 

The invention relates, furthermore, to an internal 
combustion engine suitable for carrying out at least one of 
the abovementioned methods. Here, the internal combustion 
engine comprises at least one combustion chamber from a 

15 cylinder head, a cylinder, and a piston, an air inlet section 
and a device for influencing the intake air stream. This can 
be, for example, a throttle valve. A separate independent 
controller for the inlet gas exchange valves is also 
suitable, however, for carrying out the abovementioned 

20 methods . 

Brief Description of the Figures. 

In the following text, the invention will be explained, 
25 by way of example, in greater detail using the figures, in 
which: 

Figure 1 shows a section through a cylinder of a 
schematically depicted internal combustion engine having a 
schematically depicted air intake system and throttle valve; 
30 and 

Figure 2 shows a diagram of some of the functions of the 
internal combustion engine which are relevant to the 
switching off process, during the switching off process. 
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Detailed Description 



Figure 1 schematically shows a side view of a section 
through an internal combustion engine 1. A combustion 
chamber 2 can be seen here formed by a cylinder 3, which is 
delimited by a piston 4 and a cylinder head 5. The 
combustion air passes via the throttle valve 8 and an air 
intake duct 9 into the combustion chamber 2 by way of a gas 
exchange inlet valve 10. In a known manner, fuel is injected 
into the combustion chamber 2 in the working cycle by means 
of an injection nozzle 14 and is subsequently ignited in a 
known manner by a spark ignition system by means of an 
ignition spark from a spark plug 13. The gas force, which is 
produced during this combustion of the air/fuel mixture 
created in combustion chamber 2, moves piston 5 downward in a 
known manner and converts the movement of piston 5 into a 
rotational movement of crankshaft 7 by means of a connecting 
rod 6 in a known manner. After combustion, the products of 
combustion exit internal combustion engine 1 via a gas 
exchange outlet valve 11 and an exhaust duct 12. The 
rotational direction of the crankshaft is shown by an arrow. 

According to the invention, throttle valve 8 is then 
opened for some time, after internal combustion engine 1 has 
been switched off, i.e., after the injection of fuel by 
injection nozzle 14 into combustion chamber 2 has been 
terminated and/or the spark ignition unit has been switched 
off. This may be the case for the whole time internal 
combustion engine 1 is slowing to a standstill or only for a 
certain time or for a few revolutions of crankshaft 7. 
Moreover, it is also possible to vary the degree of opening 
of throttle valve 8. An opening angle of, for example, 15° 
may thus be sufficient. Considerably more fresh air is then 
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sucked into combustion chamber 2 by piston 4 moving downward 
in cylinder 3 than would be the case if throttle valve 8 were 
closed. The resulting considerably increased cylinder 
pressure in combustion chamber 2 during the compression cycle 
5 allows internal combustion engine 1 to come to a standstill 
at a preferred crank angle position. Simultaneously, 
products of combustion which may possibly still be located in 
combustion chamber 2 are removed from combustion chamber 2 
through gas exchange outlet valve 11 and exhaust duct 12 as a 

10 result of the increased supply of fresh air. 

Figure 2 shows, in the form of a diagram, the process of 
the four-cylinder internal combustion engine slowing to a 
standstill. The opening and closing of the gas exchange inlet 
valves are plotted against the crankshaft angle here, EV #1 

15 for the inlet valve of the first cylinder through EV # 4 for 
the inlet valve of the fourth cylinder, the opening and 
closing of the gas exchange outlet valves, AV #1 for the 
outlet valve of the first cylinder through AV # 4 for the 
outlet valve of the fourth cylinder, as well as the intake 

20 pipe pressure or intake pipe air pressure, the throttle valve 
position, rotational speed of the internal combustion engine 
and the time taken for the internal combustion engine to come 
to a standstill after the switching off command. 

After the switching off command, the throttle valve 

25 opens, according to the invention, as quickly as possible to 
a predetermined value, which can be, for example, 15° with 
respect to the closed position. Maximum opening or 
intermediate positions are, however, also conceivable. On 
account of the throttle valve being open here by 15°, fresh 

30 air then flows in increased quantities into the internal 
combustion engine, so that the absolute pressure in the 
intake pipe rises, from approximately 0.3 bar to 0.8 bar in 
this case. In this way, the combustion chambers are flushed 
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with fresh air. The rotational speed of the internal 
combustion engine drops simultaneously and continuously on 
account of frictional forces and gas exchange work. To 
reduce the above -described noise and comfort problems while 

5 the engine is slowing to a standstill, the throttle valve 
then closes again after some time or after some crankshaft 
revolutions. In the example shown, the throttle valve is 
closed again after two revolutions . According to the 
invention, fresh air is once again sucked into the cylinders 

10 in good time before the internal combustion engine is 
stationary. As a result, the engine is brought to a 
standstill in a controlled manner to a desired crankshaft 
position. The suitable signal for identifying this cylinder 
can now be derived, as described above, from the rotational 

15 speed, the intake manifold pressure or the angular movement 
of the crankshaft after the switching off command, for 
example. In the example shown, therefore, the throttle valve 
is opened once more in a controlled manner after the fifth 
crankshaft revolution after the switching off command or 

20 after 1800° of crankshaft angle rotation. As a result of the 
gas inlet valve, which is open at this time, of the first 
cylinder (EV #1) , the first cylinder therefore draws in fresh 
air until it is full, according to the invention, and as a 
result builds up an increased compression resistance, which 

25 brings the engine to a standstill at a desired crankshaft 
position. 

We claim: 
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